The purpose of this study was to investigate the prevalence, intensity, and possible transmission routes of the trematode, Controrchis spp. (Dicrocoeliidae), in a population of black howler monkeys (Alouatta pigra) near Monkey River, Belize. Alouatta pigra are arboreal primates that are typically folivorous and frugivorous. Controrchis is a dicrocoeliid trematode and, as such, should require a gastropod and an ant (Formicidae) intermediate host for transmission. From January to July 2005 and February 2006 to June 2007, we collected fecal samples and focal animal data from 18 individual primates in four social groups. Feces were stored in either 10% buffered formalin or 95% ethanol and examined using a double-centrifugation sugar-flotation technique. The prevalence of Controrchis spp. was 89%, and the mean intensity was 2.29 eggs per gram (epg), with a range of 1.00-6.57 epg. A general linear mixed model to examine the effect of sex, rainfall, and time spent feeding on various plant species, while controlling for individual and group identity, revealed that both group and the amount of time spent feeding on trumpet trees (Cecropia peltata) by individuals predicted the prevalence and intensity of Controrchis spp. infestation. Cecropia peltata has a mutualistic relationship with Azteca spp. ants and constitutes an important food source for A. pigra. Our findings provide strong, circumstantial evidence that A. pigra are infected with Controrchis spp. through the ingestion of metacercariae in Azteca spp. when feeding on C. peltata. Because C. peltata is a pioneer tree species and typically occurs in disturbed forests, results from this study suggest an important link between habitat disturbance and parasitism in a wild mammal.
Our study of parasites in a population of Alouatta pigra (black howler monkeys) living in a hurricane-damaged forest found that, based on fecal examination, the most prevalent macroparasite was Controrchis spp. Controrchis spp. is a dicrocoeliid trematode of the gallbladder, first described in spider monkeys (Ateles geoffroyi; Price, 1928) . Although the clinical effects of Controrchis spp. on animals are not known, related trematodes commonly infect cattle (Bos taurus), sheep (Ovis aries), and humans and cause morbidity and mortality (Bush et al., 2001; Pybus, 2001) . Controrchis spp. eggs have also been recovered from the feces of other A. pigra populations; however, the route of transmission is not known (Stuart et al., 1990; Vitazkova and Wade, 2006; TrejoMacias et al., 2007) . Like other dicrocoeliid trematodes, Controrchis spp. is thought to be indirectly transmitted and requires two intermediate hosts for completion of the life cycle (Bush et al., 2001 ). Alouatta pigra is exclusively vegetarian (folivore/frugivore) and not known to intentionally consume any animal matter, such as the arthropods or mollusks that would be required to contract Controrchis spp. However, they consume the leaves, fruit, and stems of Cecropia peltata, a myrmecophyte (ant-plant) that has a symbiotic relationship with Azteca spp. ants that protect the tree from foreign invaders, such as vines and herbivores. The ants reside inside the trunk and branches, feeding on Mü llerian bodies from leaf petioles and pearl bodies on the undersides of leaves (Longino, 1989; Horwich and Lyon, 1990) . When an animal or plant disturbs the tree, the ants emerge from the trunk and branches to attack the intruder. Vitazkova (2005) hypothesized that A. pigra may become infected with Controrchis spp. through the accidental ingestion of Azteca spp. ants when feeding on C. peltata. Cecropia peltata is widespread throughout the neotropics and, as a shade-intolerant pioneer species, is most abundant in disturbed and open areas. Cecropia peltata is particularly important in the diet of the Monkey River black howler population because the forest was severely damaged by Hurricane Iris in 2001 (Pavelka et al., 2003 (Pavelka et al., , 2007 .
As a preliminary investigation into the connection between C. peltata and Controrchis spp., we explored the relationship between consumption of C. peltata by black howler individuals and the prevalence and intensity of Controrchis spp. eggs in feces. Data were collected in southeastern Belize, Central America (16u219N, 88u299W) , where a population of black howlers has been studied since 1999. The study area is located within a 9,600-ha forest fragment composed of riverine, semievergreen forest along the Monkey River watershed. From January to July 2005 and from February 2006 to June 2007, fecal samples and dietary data were collected from 18 known individuals (excluding infants) living in four social groups. We collected 366 hr of focal animal data (Altmann, 1974) via 10-min samples, using a rotating schedule that sampled all individuals and groups equally. When feeding, the plant part and species were recorded allowing us to calculate the percentage of time spent feeding on C. peltata for each individual and group. Whenever defecation occurred in the presence of researchers, feces were immediately collected with wooden spatulas and placed in plastic, screw-top containers. Care was taken to avoid the collection of feces contaminated by water, soil, or plant matter. Two grams of feces from each sample were weighed and placed in either a 10% buffered formalin or a 95% ethanol solution for transport to the University of Calgary, Faculty of Veterinary Medicine (Calgary, Alberta, Canada) for analysis.
In the laboratory, 315 samples from 18 individuals (maximum 1 sample/mo) were analyzed using flotation in Sheather's solution (prepared as follows: 3,000 g sucrose, 2,436 ml distilled water and 39.7 ml formalin to prepare 4 l of solution) to obtain helminth egg counts (Zajac and Conboy 2006) . From each monthly sample, 1 g of feces was subsampled and filtered through two layers of cheesecloth. Feces were centrifuged with water in a 163100 mm tube for 5 min at 2653G. After centrifuging, the supernatant was decanted and the sediment vortexed in 5 ml of Sheather's solution (specific gravity51.26). Sheather's solution was added to the tube until it formed a convex meniscus. An 18318 mm coverslip was placed on the meniscus, and the tube was centrifuged for another 5 min at 2653G. After centrifuging, the coverslip was pulled straight up, transferred to a labeled slide, and scanned under 1003 magnification using a compound microscope (Leica Geosystems Ltd., Richmond Hill, Ontario, Canada). Measurements were taken using an ocular micrometer (Leica Geosystems) fitted to a compound microscope and Infinity Analyze imaging software (Lumenera Corp., Ottawa, Ontario, Canada). In addition to floatation, many samples from 2005 and 2006 were analyzed using sedimentation, although this method uncovered fewer eggs; thus, floatation was determined to be the best method for egg recovery.
Five genera of gastrointestinal helminths were identified in the fecal samples (Controrchis spp., Trichuris spp., Trichostrongylus spp., Ascaris spp., and Trypanoxyuris spp.). Here, we report the prevalence and intensity of the most common parasites, Controrchis spp. Individuals were considered to be positive if Controrchis eggs were detected in any of the multiple fecal samples recovered from them. Of the 18 hosts, 16 were positive for Controrchis spp. at least once during the study period, resulting in a prevalence of 89%. The individual prevalence of Controrchis spp. ranged from 0% to 82%, and mean intensity ranged from 1.00 epg to 6.57 epg. The mean6SD intensity of eggs in fecal samples from all individuals was 2.2961.94 epg. The average size of Controrchis spp. eggs was 40.2863.503 25.2363.70 mm (n512). The monkeys fed from 19 known tree species over the study period, with 24.75% of that time spent feeding on C. peltata.
Controrchis spp. prevalence and intensity data were normalized through log transformation for statistical analyses. To determine the factors predicting the prevalence and intensity of Controrchis spp., a general linear mixed model (GLMM) was conducted for prevalence and then for intensity. In each model, the sample was the unit of analysis. Prevalence was scored as a 1, if the parasite was present and as a 0, if it was absent. Intensity was scored as the number of eggs recovered from positive hosts. Because there were multiple samples per individual, and some individuals were from the same group, the GLMM allowed us to examine the effect of the predictor variables while entering individual identity and group as random factors to account for repeated measures from the same individuals and individuals from the same group. Predictor variables entered into the model were sex, group size, rainfall, and the percentage of monthly feeding time spent eating C. peltata, none of which were correlated (P.0.05). The method of estimation was maximum likelihood, with a diagonal covariance structure. Statistical significance was set at P,0.05, and analyses were conducted using IBM SPSS Statistics, Version 17 (SPSS, Inc., Chicago, Illinois, USA).
Of the random factors, group had an effect on prevalence (F 3, 8.115 53.936; P50.048) and intensity (F 3, 11.831 523.91; P50.00) of Controrchis spp.; the fewest Controrchis spp. eggs were recovered from the group that ingested the least amount of C. peltata (Table 1) . Of the predictor variables, only the percentage of C. peltata in the diet positively predicted both prevalence (F 1,195.21 56.263; P50.013) and intensity (F 1, 193.191 523.889; P,0.0001) of Controrchis spp. infections. Individuals that ingested the least C. peltata also had the lowest intensity of Controrchis spp. (Fig. 1) .
It has been suggested that habitat disturbance may create increased opportunities for parasite infection (Chapman et al., 2005) . Here, we provide strong circumstantial evidence linking a specific pioneer tree species, which is common in disturbed areas, to infection with Controrchis spp., a dicrocoeliid trematode that has been recovered from populations of A. pigra in Belize and Mexico and from the mantled howler (Alouatta palliata) in Costa Rica (Stuart et al., 1990; Vitazkova and Wade, 2006; Trejo-Macias et al., 2007) . Vitazkova and Wade (2007) report a 56-67% prevalence of Controrchis spp. from A. pigra in continuous forests, compared with 94-95% in groups in fragmented forests. The high density of C. peltata in disturbed areas may be responsible for the increased contact with (Stuart et al., 1990) . Vitazkova and Wade (2006) report the presence of cercariae, suggested to be Controrchis biliophilus, in snails sympatric with A. pigra in northern Belize; however, this was not confirmed through morphologic or molecular identification. It is possible there are multiple species of Controrchis present in the study area, transmitted by more than one ant species. Our current research aims to establish appropriate genetic markers for Controrchis spp. and to use these to screen Azteca spp. ants found in the study area. This will enable us to both identify whether more than one species of Controrchis is present as well as to determine which ant species are responsible for transmission. Because of the rapid growth characteristics of pioneer tree species, they typically invest their energy into growth rather than into the production of internal defenses, such as fiber production or secondary compounds (Coley, 1983) . Consequently C. peltata tends to be high in nutrients (Silver et al., 2000) and to rely on ants for defense. This mutualistic relationship between pioneer species and ants is not unique to C. peltata. In Central America, the other main pioneer plants (e.g., species of Acacia and Piper) are also myrmecophytes, and thus, there may be a more general increase in exposure to arthropod-transmitted parasites in disturbed areas for herbivores and folivores, especially given the nutritional quality of fast-growing pioneer species.
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